Objective: To estimate the minimum number of days of recorded dietary intake needed to place infants and young children into thirds of a population distribution with an acceptable degree of accuracy. Design: Dietary intake data collected from 5-day weighed food records for 72 infants and young children up to 2 y of age, collected during a cross-sectional study, were analysed to estimate the number of recording days necessary to assess intake of energy and 10 nutrients. Setting: Community study among healthy infants and children. Subjects: Parents attended recruitment sessions in local community areas. In total, 72 subjects were entered into the study and all completed the 5-day dietary assessment period. Interventions: A 5-day weighed record of children's dietary intake was made by the parents or regular carer. Results: Mean within subject standard deviations were smaller than mean between subject standard deviations with respect to energy (778 vs 824 kJ/day), macronutrient subclasses: protein (8 vs 9.4 g/day); fat (9 vs 10 g/day); and carbohydrate (26 vs 29 g/ day) and for specific micronutrients: calcium (163 vs 236 mg/day); phosphorus (143 vs 270 mg/day); magnesium (25 vs 43 mg/ day); iron (2 vs 3 mg/day); zinc (1 vs 1.3 mg/day); ascorbic acid (27 vs 64 mg/day) and retinol equivalents (281 vs 424 mg/day). Estimated number of days of food records necessary to assess intake of energy, protein, fat and carbohydrate with acceptable degree of accuracy were 5,4,4 and 3, respectively. For all the micronutrients included in this analysis 2 days of recording were necessary. Conclusion: Compared with adults and older children, fewer days are needed to classify this age group into thirds of the distribution with an acceptable degree of accuracy according to intake of energy and specific nutrients.
Introduction
Assessment of dietary intake of individuals is important in both clinical practice and research. In nutritional epidemiology, study of the relationships between diet and health outcomes can only be achieved by ranking groups of individuals according to their habitual level of intake of the nutrient of interest. In clinical settings, accurate assessment of intake is needed for appropriate intervention in the form of dietary advice or prescription.
Achieving accuracy in dietary assessment can be time consuming for both the investigator and the subject, requiring a high degree of cooperation from the subject and careful, thorough questioning by the investigator. It is, therefore, important to gather evidence from different populations on which to base the number of days of assessment needed. This would minimise the workload in dietary assessment for both investigator and subject and theoretically reduce the number of reporting errors, which are assumed to increase with the duration of study.
The number of days needed to measure energy and nutrient intake in groups of individuals is a function of the ratio of the variation within individuals (SDw) to the variation between individuals (SDb) (Black et al, 1983) . The smaller the ratio, the fewer the days of recording needed. In adults, variability in food intake has been reported as greater within individuals compared with that between individuals (Nelson et al, 1989) . This is largely a reflection of the diversity of foods eaten in adult life. Conversely, in infancy and early childhood, the variation may be greater between individuals rather than within individuals as dietary intake among this age group tends to be less diverse.
Diversity within individuals would predictably increase as the weaning process progresses to include more foods. However, in infancy, dietary needs are usually met in a fairly uniform way, with traditional weaning foods and a substantial proportion of energy needs still supplied by milk. This uniform nature of the infant diet gives rise to the prediction that within subject variability would be low.
The aim of this analysis was to determine the number of days it is necessary to record dietary intake of infants and young children to achieve an acceptably accurate assessment. That is to calculate the number of days of diet records needed to be able to classify individual infants and young children, between the age of 6 months and 2 y, into the correct thirds of a population distribution. This present analysis differs from previous studies both in the nature of the subjects and dietary components studied. Previous work among infants and young children focussed on fully breastfed and fully weaned infants and addressed energy intake only. To our knowledge, no other data set is available relating to such a wide range of nutrients and covering the transitional period from milk to mixed feeding.
Subjects and methods
The present analysis is based on data from 72 infants and young children collected over 5 days of measurement with weighed dietary records (WR). These data were collected as part of a study designed to validate the use of a food diary for assessment of dietary energy and macronutrient intake in infants and children aged 6-24 months (Lanigan et al, 2001 ). Subject characteristics are described in Table 1 . In terms of body size, the sample was representative of this age group with a mean standard deviation score for body weight of 0.26 (s.d. 1.21) (Freeman et al, 1995) .
Ethical permission for the study was sought and obtained from four local research ethics committees in the Greater London area for researchers to approach parents of infants and children who attended clinics at GP practices and health centres.
Parents were interviewed initially as a screening procedure with the assistance of an appointed commercial agency. The agency used (Gfk Ltd) worked under the guidance of Institute of Child Health (ICH) researchers and administered a questionnaire to assess suitability for participation in the study.
Inclusion criteria for the study were as follows: singleton birth, only one child aged 6-24 months in the family home, child in the charge of one main carer, daily telephone contact with carer possible, child eating a Western-type diet and child in good health. If these criteria were met, parents were invited to attend a briefing session at a venue within the community.
At the briefing session, ICH researchers presented the study to parents and carers who were invited to attend a training session the following week at the same venue. Expenses for travel to briefing and training sessions were reimbursed.
Upon arrival at the training centre, each child was weighed using Soehnle electronic infant scales accurate to 1 g. A crèche was provided at the study where children were looked after while parents received training in food record keeping. For the training sessions, parents were split into small groups (maximum five people) and were instructed in weighed record collection by ICH dietitians.
Weighed dietary record
The weighed record (WR) comprised a 5-day food diary with printed instructions. A four-column table was provided for each day with sections to accommodate meals and snacks. Space was provided for recording the type of meal and the time offered and parents were asked to give precise details of amounts of food and drink both offered and not consumed. Parents were shown how to record food items individually and cumulatively and were provided with a set of Soehnle electronic kitchen scales accurate to 1 g. For the estimation of wastage, instructions were given to collect all visible leftovers/spillage and to reweigh these on a clean plate recording the total quantity. A proportional estimate of the contribution of individual foods to the total wasted was then requested. Where foods were reconstituted, parents were asked to weigh the dry powder first, record the volume of fluid added and to reweigh the final quantity. Where infant formula was given, parents where asked to record the total volume after the addition of powder to water and to record the volume not consumed after feeding. Mothers were asked to record the duration of each breastfeeding episode. Estimation of breast-milk consumption, from a feed of at least 10 min duration, was based on Medical Research Council data (Paul et al, 1988; Mills & Tyler, 1992) to be approximately 135 g for infants aged 6-7 months and 100 g for those aged 8-12 months. Where feeding duration was less than 10 min, consumption was estimated proportionally.
When describing foods, the diary instructions asked that parents gave a full description of foods offered with examples given. These should include brand name, container type, size, etc, where possible, parents were asked to provide food labels from manufactured produce. In the case of homeprepared foods, parents were asked to provide recipes complete with quantities, detailed descriptions of ingredients used and cooking methods. A separate record of the weight of the portion offered to the child was requested. As young children tend to eat the same foods on a day-to-day basis, it was not felt necessary to specifically request inclusion of a weekend day.
During the period of record keeping, ICH dietitians maintained regular telephone contact with parents. During these calls, parents were encouraged to discuss any problems they were having and where difficulties were reported these were resolved either by discussion or, where necessary, home visits were made.
Calculation of energy and nutrient intake
The food records were coded by dietitians and intakes of energy and other nutrients were calculated using COMP-EAT version 5 nutritional analysis software that is based on the fifth edition of McCance and Widdowson's food composition tables and its supplements (Holland et al, 1991) one of which includes data from infant foods. An additional database was created from nutrient data provided by infant and toddler food manufacturers relating to specific foods used by mothers in this study.
The mathematical formula used here has been applied previously to data collected from infants (Black et al, 1983; Nelson et al, 1989) , adolescents (Rao, 1987) and adults (James et al, 1981; Sempos et al, 1985; Marr & Heady, 1986) . The reliable separation of groups into thirds of a distribution based on level of intake of a chosen dietary component is denoted by the accuracy with which individuals are placed. In dietary assessment, the proportion correctly classified would include those individuals who would be placed in the same third of the distribution using a proposed measure as would be by the criterion method of 7-day weighed record. Calculation of the number of days needed to correctly classify individuals is based on a hypothetical correlation coefficient (r) between observed and actual intakes. For 90% confidence that 80% of individuals are classified correctly into thirds of a distribution and less than 1% grossly misclassified, r must be at least 0.9.
The number of days (D) of diet record needed to obtain the required r of 0.9 between observed and true nutrient intakes can be calculated using the following formula from Black et al (1983) :
where S w is the observed within subject variance, S b is the observed between-subject variance and r is the unobservable (hypothetical) correlation between the observed and true mean intakes of individuals over the period of observation set at 0.9 to give the required level of accuracy.
Test for normality and data transformation Distributions of mean nutrient intakes (over 5 days) were tested for normality in each case using the KolmogorovSmirnoff (K-S) one-sample test. Where distributions of intake were significantly different from normal (Po0.05) the mean of 5 days intake was normalised with a Box-Cox power transformation using Data Desk 6.1 statistical analysis software (Data Description, Ithaca NY, USA). The betweensubject F-statistic from one-way analysis of variance was maximised by varying the Box-Cox power appropriately, and each nutrient was subsequently analysed using this optimal power transformation, rounded as necessary. This procedure ensured the absence of skewness in the data for statistical analysis.
Results Table 2 gives the mean intakes of energy and 10 nutrients for which adequate data were available. Also shown are the pooled within-and between-subject standard deviations. Distribution of intakes: test for normality and transformations used Table 3 gives details of the nutrients that were significantly non-normal before transformation. The appropriate power transformation was calculated for each nutrient and the K-S test was repeated. The transformation reduced the degree of non-normality in every case. Calcium, phosphorus and zinc were initially normally distributed and did not need transformation.
Number of days needed
The number of days of dietary records needed (D) to place infants and children up to 2 y of age into thirds of the distribution with the desired degree of accuracy depends on the within-to between-subject variation ratio. These ratios are presented in Table 4 together with calculated values on which estimates of the number of days recording required are based. For assessment of energy intake and the 10 nutrients investigated, these data suggest that 5 days of diet record would be adequate to achieve rZ0.9 if all the dietary components reported here required simultaneous assessment. It is important to note, however, that specific macroand micronutrients may require fewer days of recording.
Analyses were repeated on both transformed and untransformed data for comparison. In most cases, transformation of the data reduced the calculated value for the number of days needed, with the single exception of fat. When values were rounded up to the next largest integer, both methods resulted in the same number of days, except for carbohydrate where data transformation reduced the calculated measurement period by 1 day.
Discussion
Nutritional intake is increasingly seen as an important environmental factor affecting health and development in early life, thus focusing attention on the need to research nutrient intakes in relation to various health outcomes. Measurement of nutritional intake is difficult in all age groups, however, and there is a need to develop protocols that optimise quality of the data. Our study contributes to this issue by providing new information on how many days' worth of dietary data are needed in order to assess relative intakes in infants and very young children.
The collection of dietary intake data in infants and young children is notoriously difficult, due to the necessity of relying on parental records at a time when feeding may be stressful for both parties. Food frequency questionnaires and dietary recalls are highly subjective, and weighed intake is regarded as the best dietary method to use when validating another (Willett, 1990) . Even this method is imperfect, and requires validation against other reference methods. In adults, such studies are conducted using biomarkers of nutritional intake, which can be collected for example from plasma or urine; however, such approaches are generally unsuitable in younger age groups. Energy intake can be compared with measurement of energy expenditure obtained by the doubly labelled water method, with an adjustment made for the energy stored in new tissue. We have previously shown in the younger subset of this same population (n¼21, age 6-12 months) that the weighed intake method is subject to a small but acceptable mean bias compared with data obtained using doubly labelled water (Lanigan et al, 2001) . Here the bias, that is, the mean difference between energy intake estimated from weighed record and energy expenditure measured using the doubly labelled water method, represented 7.2% of energy intake. There was no evidence in this analysis for a systematic bias of the weighed record. Paired t-test of this bias versus zero found no significant difference as the confidence interval on the 7.2% bias encompassed zero. A similar bias was reported previously in preschool children (Davies et al, 1994) and this provided evidence to support the use of the weighed record as the measure of dietary intake against which the food diary could be evaluated for use in the older subset of our present population.
Thus, the issue of accuracy of the weighed intake method itself therefore merits further attention. However, our analysis focussed not on the accuracy of the methods per se, but on the accuracy with which resulting data are categorised in a distribution. It is worth noting that in order to carry out a validation study, it is first necessary to calculate how many days of records are required. For clinical investigations in adults, it is recommended that weighed food records be obtained for up to 14 days, whereas in epidemiological studies 3 days of records may be adequate for assessment of energy intake (Bingham, 1987) . More recent work has suggested that for certain nutrients, for example iron, zinc, nicotinic acid and pyridoxine, 7 days of diet record do not rank subjects with a previously assumed degree of accuracy (Nelson et al, 1989) . It has been suggested that for these nutrients several periods of recording may be necessary while for others, namely copper, retinol, carotene, vitamin B-12 , polyunsaturated fatty acids and alcohol, alternative methods of assessment may be necessary.
With respect to early life, there is very little information relating to the number of days of measurement needed to provide accurate dietary information. We have, therefore, estimated the number of days required to assess the intake of energy and specific nutrients in infants and young children including the weaning period.
The number of days needed for reliable dietary assessment is a function of the ratio of within-to between-subject variability. Our data indicate that in the age period 6-24 months, between-subject variability is greater than withinsubject variability, thus decreasing the number of days required in comparison with older age groups.
These findings are generally consistent with earlier work (Black et al, 1983; Nelson et al, 1989) . With respect to energy, the work of Black and co-workers found that only 3 days of diet records were needed to place toddlers aged 18 months with the desired degree of accuracy, while Nelson and coworkers recommended 7 days in children aged 1-4 y. The present analysis found that 5 days of records would achieve the same level of accuracy at 6-24 months. Nelson et al (1989) likewise reported that fewer days of diet records were required to assess micronutrient intake in children aged 1-4 y than in adults, while for macronutrients 5-7 and 4-8 days were required in children and adults, respectively. In general, these studies are consistent in concluding that fewer days are required for estimating intakes in young children compared to adults; however, there is some variability among the children's data according to the age range studied.
This effect may be due to the lack of extreme variability in infant and toddler diets, which are based on fewer foods than are consumed in adulthood. In this study, although there were differences between subjects (for example, some mothers reported using mainly manufactured infant foods whereas others used home-prepared foods), foods offered to individual children were repetitive within the study period.
The present study did not find that variability of intake increased with age. This may reflect the difference in methodology between studies and the difference in age of the infants. For example, the study by Black and co-workers was longitudinal and records were collected for 4 consecutive days, monthly from 6 weeks of age to 7.5 months for the breast-fed infants. Monthly records were also obtained for mixed-fed infants up to 6-7 months of age and then approximately 3 monthly up to the age of 18 months. The variation within individual children was seen to increase with age, approaching levels reported for adults by 18 months of age.
Black and co-workers report that within subject variability in energy intake increased with the onset of weaning rising from about 7% during full breastfeeding to around 23% at 18 months. This agrees with our findings where the group mean within subject variation was 21% for energy intake. In this present analysis, all children were receiving foods other than milk and breast milk accounted for only 6% of the total group energy intake. However, because this study was crosssectional rather than prospective and longitudinal, it was not possible to assess changes in within-subject variability with increasing age on an individual basis.
During weaning, new foods may be introduced into the diet significantly increasing the intake of specific nutrients. It is likely that once introduced, these foods are regularly included and this may account for greater variation between individuals. Nutrients can be consumed in different ways and, thus, effects on within-person variation differ according to intake. Some nutrients such as fat, protein and carbohydrate form a regular part of the daily diet and come from a variety of foods. Other nutrients, such as calcium and vitamin C for example, although found in many foods, may be found in larger quantities in a few foods. This may be reflected in the distribution of data. For example, data describing calcium, phosphorus and zinc intake were normally distributed and did not need transformation, probably because these nutrients are present in milk that is a regular and predominant feature of childhood diets. Data relating to ascorbic acid intake were skewed and did not normalise after transformation. This probably reflects the existence of kurtosis in the distribution.
Errors in recording food intake can contribute to variation in estimates of within-and between-subject variation. The use of a weighed record specifically validated for use in this age group may have helped to minimise this error. Transformation of intake data may further compromise the accuracy of estimates by reducing the ratio of variance to differing extents although this did not occur significantly in the present analysis. Moreover, when rounding data to the nearest integer, only minimal differences in calculations were found.
Conclusion
In conclusion, compared with adults and older children fewer days are needed to correctly classify individuals of this age group into thirds of a distribution according to intake of energy and specific nutrients. This is probably due to the greater variability between diets of individual children relative to the day-to-day variation in each child's diet during this age period. Such information is of value when designing studies for the investigation of dietary intake, particularly when measurements must rely on parental effort. Not all nutrients require the same period of recording, and for all micronutrients included in this analysis only 2 days were necessary for ranking subjects acceptably.
